
INTRODUCTION
CD38 is a small multifunctional glyco-

protein (1) widely represented on lym-
phoid and myeloid lineages but absent
from most mature resting lymphocytes.
In many lymphoid tumors—including
most cases of myeloma (2), many cases of
AIDS-associated lymphoma (3), and
many cases of post-transplant lympho-
proliferations (4)—it is present on the cell
surface in amounts which render it an at-
tractive target for therapeutic antibody.

In an early assessment, a mouse Fab-
human Fc chimeric construct, of anti-
CD38 specificity, efficiently mediated an-
tibody-dependent cellular cytotoxicity
(ADCC) against a CD38-displaying lym-
phoid cell line using human blood
mononuclears as effector cells (5). Al-
though CD38 is present on the surface of
NK cells, probably the major effector

population among the mononuclear cells
in the assay (6), this did not seem to im-
pair their effector function. In addition,
the antibody did not inhibit the growth
of erythroid or myeloid progenitors from
normal bone marrow, and it seems likely
that the earliest hemopoietic stem cells
do not express CD38 nor other lineage
commitment antigens (7). A further
study reported the development of an
anti-CD38 immunotoxin capable of
killing human myeloma and lymphoma
cell lines (8). However these early inves-
tigations did not lead to useful clinical
applications. There is an urgent need
among CD38-bearing neoplasms, and in
multiple myeloma particularly, for new
reagents to supplement present therapy.
Several groups are responding with pro-
grams for developing more effective anti-
CD38 antibodies.

HUMAX-CD38 ANTIBODY
Paul Parren and Michael de Weers

(Genmab, Utrecht, Netherlands) de-
scribed a human anti-CD38 IgG1, code-
named HuMax-CD38, raised after im-
munizing transgenic mice possessing
human, but not mouse, Ig genes.
Immunofluorescent studies revealed
binding of the antibody to CD8-
transfected Chinese hamster ovary
(CHO) cells, a panel of CD38-expressing
human cell lines, and freshly isolated
myeloma cells. Using human blood
mononuclears as effectors, HuMax-CD38
revealed potent ADCC against CD38-
expressing B-lymphoid and myeloma
cell lines, against myeloma cells freshly
isolated from patients’ marrows, and
against leukemic cells from a patient
with CD38+/CD138+, chemotherapy-
resistant plasma cell leukemia. The anti-
body mediated complement cytotoxicity
against primary myeloma-cell cultures
isolated from a panel of 13 patients.

In a xenograft model in SCID mice, the
antibody inhibited the outgrowth of
human B-lymphoma cells, in both pre-
ventive and therapeutic settings. In a sec-
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The CD38 molecule is well represented on cell surfaces in many cases of a variety of lymphoid tumors, notably multiple mye-
loma, AIDS-associated lymphomas, and post-transplant lymphoproliferations. As such, this molecule is a promising target for an-
tibody therapy. After early disappointments, improved anti-CD38 antibodies of strong cytolytic potential have been described
by 3 groups. First, a human IgG monoclonal anti-CD38 antibody raised in mice transgenic for human Ig has been found to induce
potent complement and cellular cytotoxicities against both myeloma cell lines and fresh harvests from myeloma marrow and
leukemic blood. This antibody also exhibits the singular property of inhibiting the CD38 cyclase activity. Second, a series of CD38-
specific human antibodies, with high affinities and high ADCC activities against cell lines and primary cultures of myeloma, has
been selected from a unique phage-display library. Finally, to enhance specificity for myeloma cells, bispecific domain anti-
bodies targeting both CD38 and CD138 have been developed. As they lack any Fc module, these constructs rely on cytotoxic-
ity for delivering a toxin to tumor cells. The list of candidate CD38-bearing neoplasms as targets for these antibody constructs can
now be expanded to include acute promyelocytic leukemia, and possibly other myeloid leukemias, in which surface CD38 can
be induced by retinoid treatment. One caveat here is that evidence has been produced to suggest that CD38 promotes pul-
monary manifestations of the hazardous retinoic acid syndrome.
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ond xenograft model, it selectively de-
pleted plasma cells from a human
rheumatoid synovium engrafted in SCID
mice. Finally, it was of considerable in-
terest that HuMax-CD38 revealed a
unique functional activity in inhibiting
the CD38 ADP-ribosyl cyclase activity in
target cells.

ANTI-CD38 ANTIBODY
Using a different approach to the pro-

duction of fully human antibodies, Rob-
ert Friesen (MorphoSys AG, Martinsried,
Germany) reported the selection of
CD38-specific IgG antibodies by cell-
panning strategies from a unique phage-
display library. All the antibodies gave
values for KD in the low nanomolar
range and recognized myeloma samples
by flow cytometry and immunohisto-
chemistry. In ADCC assessments CD38-
expressing cell lines and primary mye-
loma cultures from patients were killed
efficiently, whereas in clonogenic assays
marrow progenitor cells appeared not to
be affected. Efficacy in vivo was shown
by reduced tumor growth in a SCID-
mouse xenograft model.

BISPECIFICITY YIELDING INCREASED
SELECTIVITY

One practical problem, which might
be encountered in applying anti-CD38
therapy, is the breadth of occurrence of
the molecule on lymphoid, myeloid,
and epithelial cells, especially following
cell activation. Steve Holmes (Domantis
Ltd, Cambridge, U.K.) described an
antibody derivative aimed at increasing
specificity by targeting two surface mol-
ecules on myeloma cells, CD38 and
CD138. This combination is thought to
be exquisitely specific for myeloma
cells. Moderate affinity monomeric do-
main antibodies (dAbs) specific for each
antigen have been isolated using phage
display. Combining the dAbs as a dual-
targeting molecule yields constructs
with high avidity for myeloma cells ex-
pressing both antigens, but binding only
weakly to cells expressing only one anti-
gen. The combined dAbs are conjugated
to a cytotoxic agent, with the resulting

construct delivering a cytotoxic payload
on being internalized.

INDUCING EXPRESSION OF CD38
Kapil Mehta and Yin Gao (University

of Texas M.D. Anderson Cancer Center,
Houston, U.S.A.) raised the possibility of
expanding the list of CD38-bearing neo-
plasms to include acute promyelocytic
leukemia, and possibly other myeloid
leukemias. All-trans retinoic acid (RA),
as well as being a leading form of ther-
apy for acute promyelocytic leukemia
(APL), is a potent and selective inducer
of cell-surface CD38 in myeloid leukemia
cells at low concentrations. This CD38
can function as a therapeutic target, as
revealed by a demonstration that the
combination of RA and an anti-CD38-
gelonin immunotoxin induced a syner-
gistic killing of leukemia cells—both
leukemia cell clones and blasts from pa-
tients with myeloid leukemia (9).

The optimism resulting from this cellu-
lar manipulation must however be tem-
pered by evidence that CD38 might be
involved in the RA syndrome, a complex
form of cardiorespiratory distress which
occurs in about 25% of APL patients
treated with RA (10). The maturation of
APL cells induced by RA induced the ex-
pression of interferon-γ and interleukin-
1β, plus the expression of CD38. The lat-
ter was judged to promote the strong
attachment of leukemic cells to endothe-
lial cells, judged by the fact that the bind-
ing was blocked either anti-CD38 or sol-
uble recombinant CD38. A likely ligand
on the endothelial cells is CD31. Both cel-
lular adhesion and cytokine production
are probably important in the pathogene-
sis of the RA syndrome. There is clearly
great scope for further molecular studies
in this area of oncology and induced dif-
ferentiation.
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